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PREFACE

The study of electric circuits is fundamental to modern electrical
engineering and technology. Electric circuits are central to nearly every
technological advancement, from powering our homes to operating
machinery and driving the digital world. The aim of this e-book is to
provide students with a basic understanding of the principles of electric
circuits.

This e-book is designed as an introductory resource for polytechnic
students starting their journey into electrical engineering. It is also
suitable for students from other disciplines who seek to gain a clear
understanding of electric circuits. The content covers essential
concepts such as voltage, current, and resistance, providing a solid
foundation in electric circuit theory.

Each topic is supplemented with clear explanations, examples, and
exercises for students to complete at the end of the topic. These
features are intended to strengthen comprehension and reinforce
learning.

We sincerely hope that this e-book will serve as a valuable resource for
polytechnic students in their academic studies and future careers.
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Think before acting. Do not solely depend
on circuit breakers and fuses instead
always test it before touching it. For high
voltage equipment, wear protecting
clothing such as insulated gloves and
meter probes for measure the voltages.
Think before touch could save life!
 

Safety DevicesSafety Devices

Sources of studies have indicated that
electrical  fire is mostly caused by

       arc-fault condition.

Class C fires can be extinguished using
dry powder
Extinguisher ABC can be used for all
three types of fire
it can be fatal if use Class A
extinguisher/ water  into fire caused

       by electricity.

Ground Fault Circuit Interrupters

3 Basic steps to make sure that the power
has been disconnected:-
i. Test the meter on live circuit just to
make sure that the meter works well
ii. Then, turn off the power and use the
meter to test to ensure that it power has
been disconnected.
iii. Test the meter again on a live circuit to
ensure once again that the meter operates
well.

Note:  It is advisable to hang a warning
tag or a install a locking system that
informs people not to turn on the power
accidently. 

Electric Safety
Overview

1) Disconnect the power and always never
work on energized circuit 

2) Think and always think before act.

3) No Horseplay

No horseplay in a place with moving
machinery and when working on electrical
equipment. 
This  could cause injury be it on oneself or
 a buddy.

4) Don't work alone. Have a buddy system.

It is advisable to work with a buddy who
can call for help in an emergency. Having a
buddy system can help to turn off the
power and perform immediate CPR if
he/she is a trained first aider. Some electric
shock may result if breathing difficulties
and heart fibrilation.

The current can travel from one hand to
the other which allows the current to pass
through the heart which results in high risk
to death. Ironically, a person may survive
severe electric shock between hand and
foot. 

5) Use the one-hand technique

This is similar to the one above, but the
Arc - Fault Circuit Interrupters are
designed to protect against fire.

Ground  Fault Circuit Interrupters (GFCI)  
can help prevent electricians from being
electrocuted.
The working principle of GFCI is by
sensing the difference on amount of
current flowing through live and neutral. 

Arc-Fault Circuit Interrupters

Types of PPETypes of PPE
Gloves
Wear leather gloves with rubber inserts
when working with energized circuits.
Gloves are normally rated for a certain
amount of voltage

Always check the condition of the gloves
before wearing. Make sure no holes and
tearing

Class C firesClass C fires
Fires are divided into 4 classes which
are Class A,Class B,Class C and Class D.
Class C fires are due to electrical
equipment.
The main source of electrical fire is due
poor connections.
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Many have the opinion that only the current kills people. 
Yes, this is true, but let's not forget that the voltage can harm
people too. 
Voltage resembles a force that pushes out the current similar to
the way the pressure gushes out water in a pipe. 
 The voltage and current depend on the resistance. 
Therefore, the current that can pass through the body is also very
much dependent on our body's resistance. 
Everybody has a different resistance in our body. 
Thus, the tolerance of current one people can take is different then
the other.
Similarly, if a person sweats on hot day can have less resistance
due to presence of salty sweats that act as a conductor. 
Even  body resistance can differ on the type of food one eats and
drinks for the day.

The Effects of Electric
Current to the Body

2



Basics of  Electricity

Atoms are  formed by three parts:
 

Proton :
positive charge

This means that the atom is the smallest part of any
substance.

Atom

All Matter/ substance are made of atoms.

eleCtron

proton

neutron

(+ve charge)

(-ve charge)

(neutral)

Electron :
negative charge

Neutron :
no charge

Atomic number of atom=
number of protons.

3



 Flow of electrons is known as electricity.

A conductor normally contains 1 to 3  electron valence. 

When atoms have few electron valences such as 2 or 3
electron valences, the bonding towards the atom is very
loose. 

So, it is easier to escape out and become current.

Electron Valence: 
Electron located in most

outer shell in atom

Conductor

4



Symbol Component

conductor /wire

switch

ground/earth

Cell (dc supply)

Battery (dc supply)

AC supply

resistor

inductor

capacitor

galvanometer

voltmeter

ammeter

 Introduction to Electric Circuit

Standard Symbol for Electrical Components
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Cell Battery

A single unit of a primary
or secondary battery that
converts chemical energy
into electric energy.

A battery is a series of
two or more connected
cells, which changes
chemical energy into
electrical energy.

Cells and batteries

Alkaline (Zn/Alkaline/MnO2) are the
most popular batteries that are used in

many regular electronic items because of
their moderate cost and high performance

Relationship of Cells & Batteries

A Battery is a combination of cells
Cell combination could be in SERIES,
PARALLEL & SERIES- PARALLEL
Practically, a cell is also notified as a
battery.

6
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Total e.m.f. for series cells, 
ESeries1  = E1 + E2 
                   = 1.2 + 1.2
                   = 2.4V
ESeries2 = E3 + E4 
                  = 1.2 + 1.2
                  = 2.4V
Total e.m.f., ET = ESeries1 = Eseries 2 = 2.4V

Total current for series cells, 
ISeries1 = I1 = I2=  1000mA
ISeries2 = I3 = I4 = 1000mA
IT = ISeries1 + ISeries2
     = 1000mA + 1000mA
     = 2000mA

 In series: voltage is additive
and current is constant

 In parallel: current is additive
and voltage is constant

Parallel Connection Cells

Series-Parallel Connection Cells

Series Connection Cells

Total e.m.f., ET = E1 + E2 + E3 + E4
                             = 1.2 + 1.2 + 1.2 + 1.2
                             = 4.8V
Total current, IT = I1 = I2 = I3 = I4
                                 = 1000mA

Total e.m.f., ET = E1 = E2 = E3 = E4
                              = 1.2V
Total current, IT = I1 + I2 + I3 + I4
                                 = 1000 +1000+1000+1000
                                 = 4000mA

7
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Example

Calculate total e.m.f. of the circuit below1.

4.0V 4.0V 4.0V 4.0V

Total e.m.f., ET = E1 + E2 + E3 + E4
 = 4.0 + 4.0 + 4.0 + 4.0
 = 16V

Calculate total e.m.f. of the circuit below2.

Total e.m.f., ET = E1 = E2 = E3 = 4.0V

4.0V 4.0V 4.0V

3. Calculate total e.m.f. of the circuit below

Total e.m.f. for series cells, ESeries = E1 + E2 + E3 + E4
 = 4.0 + 4.0 + 4.0 + 4.0
 = 16V
Total e.m.f., ET = ESeries = 16V

Solution:-

Solution:-

Solution:-

4.0V 4.0V 4.0V 4.0V

4.0V 4.0V 4.0V 4.0V

8



Total e.m.f., ET = E1 + E2 
 =6 - 4
 = 2V

4. Calculate total e.m.f. of the circuit below

4.0V 6.0V

Total e.m.f., ET = E1 + E2 
 = 8 + 6
 = 14V

Solution:-

5. Calculate total e.m.f. of the circuit below

4.0V 6.0V

Solution:-

SELF-EXERCISE

9

Calculate total e.m.f. of each cells connection as follow:

1.

2.



10

3.

4.

5.

6.

I must try to get
the answer!



Unit: Ampere

Electric Current

Depends on the speed of electron/charge

Q = charge (coulomb)
t   = time (second)

Solution:-

Current 

dq = changing of charge
dt = changing of time

I = current (ampere)

Example

For steady state condition:

Thus, Q= It

11



Example:
soldering iron,
water heater,

fuse, bulb

Heat Effect 

Example: bells, relays,
motors, generators,

transformers

Example: cell and
battery

Main Effect of 
Electric Circuit

Magnetic Effect 

Chemical Effect 

DID YOU KNOW?

It’s not the voltage that
kills, it’s current!

12



Resistance & resistivity

Property of a component
that restricts the flow of
electric current.

Resistance

Cross-sectional
area, A

Resistivity

The measure of how much a
material resists the flow of
charges. Different materials
have different resistivities.

R = resistance [Ω]
 l = Length [m]
 A = Cross-sectional area [m2]
 ρ = resistivity [Ω.m]

[Unit = Ω]

Factors influnced
resistance value

 Length, l

resistivity, ρ temperature

13



A device that is manufactured
to have specific resistance.
Used to limit current flow and
reduce voltage applied to
other components.
Basic unit is ohm (Ω)

Resistor (R)

Example

Component Symbol

Solution:-

14



SELF-EXERCISE

15

In what time would a current of 1 A transfer a  charge of
30 C?

What would be the resistivity of 2m length conductor
wire if the resistance value is 500Ω and the cross
sectional area                  ? 

1.

2.



V drop  = Voltage drop
appears when current, I flows
through resistor,R
Inverse polarity from E

E = E.M.F. (Electromotive force)

Generates from voltage source
Example: cells / batteries

Ohm’s Law states that the current (I)
through a conductor between two

points is directly proportional to the
potential difference or voltage (V)
across the two points, and inversely
proportional to the resistance (R)

between them.

Ohm’s Law

Simple Circuit From Ohm’s Law: 

Voltage = Current x Resistance
Vdrop    = IR

Discovered by Georg
Simon Ohm in 1827

16



Current

A complete circuit should consist
of at least 1 electricity source

(battery) and 1 load (resistor)

source (battery) load (resistor)

Current will only produce when the source
(battery) is connected to the load
(resistor) in close loop connection.

When current flows across
resistor, R, voltage drop, Vd will

be produced across R

17

Simple Circuit



i) Current, 

ii) Voltage drop, Vdrop = IR = 2 x 10 = 20V

Example

By referring to the circuit below, calculate:
i)  Current, I
ii)  Voltage drop across resistor 10Ω, Vdrop

Series Circuit

Is formed when any number of
devices are connected end-to-end so
that there is only one path for current

to flow.

Solution:-

18



 1. Resistances are additive
 RT  = R1 + R2 + R3

2. The current flows throughout the circuit is same
 I = IR1  = IR2 = IR3

 
3.  Different resistors have their individual voltage drop

 VR1  ≠ VR2 ≠ VR3

4. Total e.m.f equals to the sum of voltage drops across
each resistor

 E = VR1 + VR2 + VR3

Series Circuit Characteristics

19



Applicable to any means of
resistors.
Standard equation of series
connection resistors.

Equivalent resistance in series

RT  = R1 + R2 + R3

Resistors with same value

RT  = r x n

r = resistance value
n = amount of resistors 

Voltage Divider Rule (VDR)

20



i) Rtotal = 4 + 6 + 8 = 18Ω

ii)
 
iii) VR2 = IR2 = 0.833 x 6 = 5V 

or  use VDR

By referring to the circuit below, calculate:
i)Total resistance of the circuit, Rtotal
ii)Current, I
Voltage drop across resistor 6Ω

Example

Solution:-

21



Parallel Circuit

Is formed when two or more devices
are arranged in a circuit side by side so

that current can flow through more
than one path

Parallel Circuit Characteristic

22



1.Total resistance can be determined from:

 
2. Different resistors have their individual current. 

 IR1 ≠ IR2 ≠ IR3 
3. Same voltage acts across all parts of the circuit

 E = VR1 = VR2 = VR3 
4. Supplied current equals to the sum of different
current flows through each resistor.

 I = IR1 + IR2 + IR3

Applicable for 2 resistors
connection only

Equivalent resistance in parallel

Applicable to any means of
resistors.
Standard equation of parallel
connection resistors.

2 resistors case

23



Same value case

r = resistance value
n = amount of resistors 

Applicable for any means of
resistors with same value

Current Divider Rule (CDR)

Applicable to any means of resistors.
Standard equation of current divider rule

24



2 Resistors case

Applicable for 2 resistors
connection only

Example

By referring to the circuit, calculate:
i)Total resistance of the circuit, Rtotal
ii)Current, I
iii)Voltage drop across resistor 8Ω
iv) Current through resistor 2Ω

VR3 = E = 15V

or use CDR

i)

ii)

iii)

iv)

2Ω 4Ω 8Ω15V

25



Series-Parallel Circuit

R1 is parallel with R2.
Ra is series with equivalent
resistance of R1 and R2.

Total Resistance of Series-Parallel Circuit

reference point

RT is the equivalent resistance of Ra, R1 and R2
Start solving by calculating the total resistance of parts located
farthest away from the reference point.

                            Exception: 

if there are any series/parallel connection resistors at any part of circuit
which is not farthest from the reference point, solve the total resistance

of the series/parallel connection first. Then you can use the tips
mentioned above to solve your problem. 

26



Calculate equivalent resistance, RT of the circuit below.

Example

Solution: 

Step 1:
Solve parallel connection R1 and R2
Name as Rb

Step 2:
Solve series connection Ra and Rb

27



Example

Calculate the total resistance, RT of the circuit below

Solution: 

Step 1: 
Identify any series/parallel
connection (in between) and
calculate the total resistance

Ra = 4 + 8 = 12Ω

Step 2:
Identify the farthest part
from ref. point and calculate
the total resistance.

Rb = 5 + 6 = 11Ω

Step 3:
calculate the total resistance
of next portion until reach
ref. point.

28



Repeat Step 3 until reach ref.
point.

Rd = 10 + 2.36= 12.36Ω

Step 4:
Finally, calculate the total resistance,
RT of the circuit

RT = 10 + 6.09 + 9 = 25.09Ω

29



Calculate the total resistance across point A - B

Example

Solution: 

Ra = 3k + 3k = 6kΩ

RT = 10k + 2k + 9k 
       = 21kΩ

30



Example

QUESTION: 
By referring to the circuit given, calculate:
i)Equivalent resistance of the circuit, Rtotal
ii)Current from supply, Is 
iii)Current through resistor 18kΩ
iv)Voltage drop across resistor 8kΩ

Solution: 

i) Total Resistance:
Temporarily, remove
voltage source from the
circuit.
The open nodes leaved by
your voltage source would
be your reference point

Ra = 4k + 8k + 6k = 18kΩ

Rtotal = 2k + 9k + 20k
= 31kΩ

31



If Use CDR:

ii) Supply current :
Place voltage source back to
the circuit.
Current from source is
calculated using Ohm’s Law

iii) Current through 18kΩ
resistor:
Use current divider rules
(CDR) or any other relevant
methods 

=  322.58 μA

Other method: 

iv) Voltage drop across 8kΩ
resistor:

Calculate the current flows
through 8kΩ resistor first
Use Ohm’s Law to calculate
the Voltage drop
Other method : Voltage
Divider Rule (VDR) 

32



Question 1
Calculate the total current in the circuit below:

Question 2
Given that total resistance is 1.5kΩ, determine value of R2 in the
circuit below:

Question 3
Given that total resistance is 3Ω. Calculate the value of resistor R1 and
current flow through resistor R1 by using Current Divider Rule (CDR)

EXERCISE

33



Question 4
Calculate the voltage drop through each resistor in circuit below
using Voltage Divider Rule (VDR)

Question 6
Use Voltage Divider Rule to calculate the voltage drop through each
resistor in the circuit below:

Question 5
Calculate the total resistance and current through each resistor in
circuit below:

34



Question 7
Calculate the total resistance and current through each resistor in the
circuit below:

Question 9
Calculate the current flow through resistor 4Ω using Current Divider
Rule.

Question 8
By referring the circuit below, calculate the value of the current flow
through 6Ω resistor when the voltmeter shows 18V.

35



Delta-Star Transformation

Standard 3-phase circuits or networks take on two
major forms with names that represent the way in which
the resistances are connected, a Star connected network
which has the symbol of the letter, Υ (wye) and a Delta
connected network which has the symbol of a triangle,

Δ (delta).

Delta-Star Transformation Star-Delta Transformation

36



Example

Calculate the total resistance, Rxy of the circuit below.

Convert Δ--- Y 

37

Solution: 



Rd = 0.67 + 8= 8.67Ω

Re = 2 + 10= 12Ω

Rxy = 1 + 5.03 = 6.03Ω

38



EXERCISE

Determine total resistance RT by using star-delta transformation
on resistor 10Ω, 15Ω and 8Ω resistors.

By applying Delta to Star Transformation, calculate the Total
Resistance of the circuit below.

By using Star-Delta Transformation, calculate the total
resistance, Rt.

39

Question 1

Question 2

Question 3



Calculate the individual resistance for the star network from delta
network as shown below.

Determine the values of R1, R2 and R3 as in figure below.

40

Question 4

Question 5



ELECTRICAL POWER 

ENERGY

Electrical Power & Energy

defined as the rate at which
electrical energy is transferred by
an electric circuit

The SI unit of power is Watt

Equation:     P = VI

V – voltage measured in Volts (V)
 I   – current measured in Ampere (A)

From Ohm’s Law

and    V = I x R

Hence, Power

defined as capacity to do work

The unit of energy is Joule

Energy/Work Done, W = Pt 

P – power measured in Watt (W)
t – time measured in seconds (s)

or

Equation:

41



Example

By referring to the circuit given, calculate:
      i) Power that’s supplied by the battery
     ii) Power that’s absorbed by 20Ω resistor
    iii) Energy supplied by the battery after 40s
    iv) Energy absorbed by the 10Ω resistor after  
          3 hours

RT = 10 + 20 = 30Ω

Power, Ps = V*I = 15 x 0.5 = 7.5W

i) Power that’s supplied by the battery

Power, PL = I2*R = 0.52 x 20 = 5W

ii) Power that’s absorbed by 20Ω resistor

42

iii) Energy supplied by the battery after 40s

Energy, W = P x t = 7.5 x 40 = 300 J

v) Energy absorbed by the 10Ω resistor
after 3 hours

Energy, 
W = P x t = I2 x R x t 
     = 0.52 x 10 x 3 x 60 x 60 
     = 27 kJ 

= 0.5A

Solution: 



Based on circuir below, calculate the power that absorb by R3.

Refer to figure below:
calculate the value of current flow through the 6Ω resistor
when voltmeter shows 18V.

1.

explain what will happen to the power dissipated by 6Ω
resistor if the voltage across it doubles.

2.

43

EXERCISE

Question 1

Question 2



RECAP

Cell and battery are sources of DC type of electricity.

Voltage, current and resistance are recognized as three basic
elements of electrical circuit which contribute in Ohm’s Law.

Electrical circuit can be constructed in series, parallel and
combination of series-parallel connection. 

Star-Delta transformation technique is required to analyze
network that involve Star/Delta connection. 

Power and Energy is the product of voltage and current
elements of a circuit.

44
Thank You

Ohm’s Law Pie Chart



Tony R. Kuphaldt (2023). Lessons in Electric Circuits (5th edition).
https://www.allaboutcircuits.com/textbook/direct-current/
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